Background and aims Festuca rubra plants are asymptomatically infected by the systemic fungal endophyte Epichloë festucae and high infection rates have been found in natural grasslands. Our objective was to determine the effect of endophyte infection on the competitive ability of Festuca rubra in binary mixtures against other grassland species. Methods In two glasshouse experiments, endophyteinfected (E+) and non-infected (E−) plants of two halfsib lines (PEN, RAB) of Festuca rubra were grown in monocultures and in binary mixtures against five grassland species: Trifolium repens, Trifolium pratense, Trifolium subterraneum, Lotus corniculatus and Plantago lanceolata. Results Biomass production of F.rubra was affected by endophyte infection and plant line but not by competition with T.pratense. In the PEN line E+ plants produced less root biomass than E−; and in the RAB line E+ plants produced less shoot biomass than E−. In spite of these differences shoot and root biomass production of Trifolium pratense were more inhibited when growing with endophyte-infected plants of Festuca rubra than with E− plants, regardless of the plant line. In both F.rubra lines, the endophyte increased the phosphorus concentration in shoots. Regardless of F.rubra plant line, root biomass of the five target species was more inhibited when growing with endophyte-infected than with endophyte-free plants.
Introduction
Endophytes are a group of fungi characterized by being able to infect their plant hosts without causing obvious symptoms in them. This group of fungi is highly diverse and there are no plant species free of them (Rodriguez et al. 2009 ).
Clavicipitaceous endophytes of the Neotyphodium and Epichloë genera systemically infect the aerial tissues of several economically important turf and forage grasses. Transmission of these endophytes is primarily vertical, in infected plants the fungi are efficiently transmitted to their offspring via seed infections. The endophyte-grass interaction has been described as a mutualism and the benefits conferred by fungi appear to depend on the host genotype, fungal genotype and ecological context (Clay 1988; Saikkonen et al. 2004 ). On the other hand, the host plant provides food, shelter and a mode of reproduction for the fungus. The main endophyte-induced benefit is due to the production of a range of alkaloids in the host plants, some of which have antiherbivore activity (Siegel and Bush 1996; Belesky and Bacon 2009 ) increasing resistance to mammals, insects and nematodes (Clay and Schardl 2002) . For some authors this is the basis of the grassendophyte mutualism (Bush et al. 1997; Leuchtmann et al. 2000) . Furthermore, endophytes improve host tolerance to abiotic stresses such as drought and metal toxicity (Malinowski and Belesky 2000) .
Endophytes may have strong influences on plant community composition by altering the performance of host grasses relative to other species present in the community. Thus, the frequency of endophyte-infected individuals often increases in grass populations over time (Shelby and Dalrymple 1993; Clay and Holah 1999; Clay et al. 2005) , suggesting that endophytes confer a competitive advantage to their hosts, even though the host may incur a cost.
The effects of the endophyte on host growth under intra-or inter-specific competition have been found to be variable. In binary mixtures of infected and noninfected plants, the greater competitive ability of plants harbouring the endophyte has been linked to: (a) a greater shoot and/or root growth in Festuca pratensis (meadow fescue) (Malinowski et al. 1997) , Lolium arundinaceum (tall fescue) (Hill et al. 1991; Marks et al. 1991) , and Bromus benekenii (Brem and Leuchtmann 2002) ; (b) to increased vigour of endophyte infected plants attributed to pest and herbivore resistance, probably due to endophyte alkaloids (Clay et al. 1993; Schardl and Phillips 1997) , although Hill et al. (1991) reported that high ergopeptine alkaloidproducing infected tall fescue plants have no more competing capability than low ergopeptine alkaloid plants, and (c) in other cases of interspecific competition, the greater competitiveness of tall fescue infected plants with respect to legumes have been explained as an allelopathic effect (Malinowski et al. 1999) . On the other hand, some works have recorded neutral or negative effects of the symbiosis when infected plants grow in competition with other species (Hoveland et al. 1997; Richmond et al. 2003; Renne et al. 2004) .
In this study we focused on Festuca rubra L. (red fescue), a perennial grass tolerant of a wide range of ecological conditions and one of the most important turfgrass species in temperate regions. Festuca rubra is a common species of savannah-like semiarid grasslands of western Spain, known as 'dehesas'. Dehesa grasslands are characterized by a high floristic diversity where grasses, legumes and forbs are well represented and compete for resources (Vázquez-de-Aldana et al. 2008) . The associations between Epichloë festucae Leuchtmann, Schardl & Siegel and Festuca rubra in these ecosystems seem to be old. Dehesa grasslands are part of a centre of diversity of red fescue (Saint Yves 1930) , and in them about 70 % of the F. rubra plants are infected by the fungal endophyte E. festucae . Wild populations of F. rubra in dehesas are an important reservoir of genetically diverse E. festucae strains (Arroyo Garcia et al. 2002) whose diversity includes high variability in the plant contents of the fungal alkaloids ergovaline and peramine (Vázquez-de-Aldana et al. 2010) .
The association between E. festucae and F. rubra is considered a mutualism. The incidence of infected plants can vary due to grazing level and altitude (Bazely et al. 2007) . Increased herbivore and disease resistance (Bazely et al. 1997; Wilkinson et al. 2000; Ahlholm et al. 2002) , aluminium tolerance (Zaurov et al. 2001 ) and seed survival (Gundel et al. 2011) has been linked to the association between E. festucae and F. rubra. On the other hand, some effects on host seedlings have been variable (Wäli et al. 2009 ), and no differences in aboveground plant biomass production between infected and non-infected plants were found in a field experiment (Zabalgogeazcoa et al. 2006) .
Our objective was to determine the effect of endophyte infection on the competitive ability of Festuca rubra in binary mixtures with other grassland species under controlled conditions. Based on the high endophyte infection rates occurring in semiarid grassland ecosystems, our hypothesis was that infected plants would have a better competitive ability than noninfected plants. Specific objectives were: a) to determine the effect of the endophyte symbiosis on above and below ground growth parameters of F. rubra in response to competition with other herbaceous species (Trifolium pratense L.), and b) to determine the effect of the endophytic symbiosis on the growth of five competing herbaceous species frequent in grasslands (Trifolium repens L., Trifolium pratense, Trifolium subterraneum L., Lotus corniculatus L. and Plantago lanceolata L.), to find out if there is a differential response of target species in competition with symbiotic F. rubra.
Materials and methods

Plant material
Seeds of two half-sib lines of Festuca rubra were used in this study. Each half-sib line consisted of plants infected (E+) and not infected (E−) by the same genotype of Epichloë festucae. To develop the half-sib lines, F. rubra plants infected with E. festucae were collected at Peña (PEN) and at Raboso (RAB), two dehesa grasslands located 70 km apart in the province of Salamanca (western Spain). Dehesa ecosystems feature low-density Quercus ilex L. subsp. ballota (Desf.) Samp. with natural grassland of a complex floristic composition. This land is mainly used for the free-range grazing of beef cattle and fighting bulls. The climate is supra-Mediterranean, with cold winters and dry, warm summers.
Infection by E. festucae was verified by microscopic analysis of stem pith scrapings, as well as by isolation of the fungus from plant stems and leaf sheaths in Petri dishes containing potato dextrose agar (PDA) (Bacon and White 1994) . One infected plant from each location was transplanted to a pot containing a mixture of peat moss and perlite, and was allowed to undergo vegetative growth for 1 month. Then, each plant was divided into several ramets, which were transplanted into 75-mL pots and maintained in a growth chamber with a 16 hlight photoperiod at 25°C. The endophyte was eliminated from half of the ramets of each plant using a treatment with three doses of 400 μg of propiconazole (TILT, 400 mg a.i. L −1 , CIBA, Basel, Switzerland), a systemic fungicide. The first and third doses were applied to the soil, and the second was a foliar application. Fungicide treatments were spaced by 10 days between applications. Treated and untreated plants were then transplanted to the field in a research farm near Salamanca. From these plants, infected (E+) and uninfected (E−) seeds were obtained. Thus, non-infected plants were the seed progeny obtained from infected plants treated with a fungicide. Infected and noninfected plants grown from these seeds should have the same chance of being infected by horizontally transmitted endophytes, and the only difference between them should be the presence of the endophyte Epichloë festucae. Unlike Epichloë and Neotyphodium sp. which are vertically transmitted by seeds, most known endophytes are not capable of seed transmission, and plants acquire these other horizontally transmitted endophytes after germination (Sanchez Marquez et al. 2012) .
The seeds of the target species Trifolium pratense (red clover), Trifolium repens (white clover), Trifolium subterraneum (subterraneam clover) Lotus corniculatus (bird's foot trefoil), and Plantago lanceolata (ribwort plantain) were obtained from commercial suppliers. All species are perennials except the annual subterranean clover.
Experiment I: Growth of Festuca rubra and Trifolium pratense in mixtures This experiment was designed to analyse above and below ground growth and nutrient content of F. rubra and T. pratense, in a competition experiment.
Seedlings of Festuca rubra (E+, E−) from lines PEN and RAB were grown in a potting soil containing peat moss and perlite (2:1 v/v) in a glasshouse. The mixture had pH(H 2 O) 0 5.3, and its organic matter and nitrogen contents were 70.2 % and 0.76 % respectively. The available phosphorus content of the mixture was very high (256 mg kg
−1
). After 4 months, the presence of Epichloë festucae was verified by isolation of the fungus from leaf sheaths on PDA, as previously indicated. Two months later, plants of similar size with two tillers were selected. Each plant was weighted after trimming to 5-6 cm height and 5 cm of roots. Plants with similar fresh weight were selected and individually transplanted into pots (15 cm diameter) containing the potting mix and placed in a glasshouse for 8 weeks.
The experiment consisted of monocultures of infected (PEN E+, RAB E+) and non-infected (PEN E −, RAB E−) F. rubra, monocultures of T. pratense (Tp), and mixtures of F. rubra and T. pratense (PEN E+/Tp and PEN E−/Tp, RAB E+/Tp and RAB E−/Tp), with five replicates. Ten seeds of T. pratense were sown in each corresponding pot (in mixture with F. rubra or in monoculture). The experiment contained a total of 45 pots placed at random in a glasshouse at temperature 22/ 15°C day/night and ambient light conditions of late spring. Red clover emergence was observed daily and, 10 days after sowing, each pot was thinned to five similar seedlings. Plants were watered regularly and no fertilizer was added. Four weeks after sowing the red clover, all plants were harvested. Shoot and root dry weight was determined for each species. The number of tillers was counted in F. rubra plants.
In red fescue samples, total nitrogen was measured by colorimetric analysis with a segmented flow system (AutoAnalyzer 3 BRAN+LUEBBE). Red fescue and red clover samples were calcined (450°C) and ashes dissolved in HCl:HNO 3 :H 2 O (1:1:8); then, phosphorus concentration was determined spectrophotometrically as molybdovanadophosphoric acid.
Data relative to F. rubra was analysed by means of a three-way ANOVA considering as factors line (PEN, RAB), endophyte infection (E+, E−) and competition (monoculture vs. mixture). Data relative to T. pratense was analysed by means of a two-way ANOVA considering as factors line (PEN, RAB) and competition with F. rubra (mono, E+, E−). All data analyses were performed with Statistica for Windows 5.0 (StatSoft Inc., Tulsa, OK, USA).
The competitive ability of species x relative to species y grown in a binary mixture can be described by the aggressivity index (AGR), as definded by McGilchrist and Trenbath (1971) :
Where RY is the relative yield of species x or y, which is the dry matter yield of a species grown in mixture (DM xy or DM yx) relative to the dry matter in the respective monoculture (DM xx or DM yy). Species x and y have the same competitive ability if AGRxy value is zero. An AGRxy index greater than zero indicates higher competitive ability of species x than that of species y. A negative AGRxy value indicates the opposite.
Experiment II: Effect of F. rubra on emergence and growth of five target species A second experiment was carried out to evaluate the effect of the endophyte status of two lines of F. rubra on the emergence and growth of five grassland species (T. pratense, T. repens, T. subterraneum, L. corniculatus and P. lanceolata).
Seedlings of Festuca rubra (PEN E+, PEN E−, RAB E+ and RAB E−) were grown in a potting soil containing peat moss and perlite in a glasshouse for 6 months as previously indicated for experiment I.
Then, plants of similar size aboveground were transplanted to pots (15 cm diameter) and placed in a growth chamber with a photoperiod of 16 h light at 25°C and 8 h dark at 20°C during two acclimatization weeks. The experiment consisted of binary mixtures of F. rubra (PEN E+, PEN E−, RAB E+ and RAB E−) and one companion species (T. pratense, T. repens, T. subterraneum, L. corniculatus, or P. lanceolata) and monocultures of each companion species. For each companion species, besides its monoculture, a factorial combination with five replications of line (PEN and RAB) and infection status (E+, E−) was considered. The experiment contained a total of 125 pots (25 for each target species). Ten seeds of each companion species were sown in each pot in binary mixtures with F. rubra and in monoculture.
Seedling emergence was observed daily for 2 weeks until no further seedlings emerged. Emergence applies to those seedlings visible above soil surface. After 21 days, plants of Trifolium repens, Trifolium pratense, Trifolium subterraneum, Lotus corniculatus, and Plantago lanceolata were removed from each pot and their roots cleaned gently by washing away clinging soil with water. Root and shoot lengths were measured from scanned images of the plants obtained in a desk scanner using the Soft Imaging System software (Olympus). Root and shoot biomass were obtained from samples dried at 60°C during 48 h.
Dry matter production of target species grown in mixture with F. rubra were compared to those in the respective monoculture and defined as relative yield (RY) as RY0DM mixture /DM mono . Data was analysed by means of a two-way ANOVA considering as factors line (PEN, RAB) and endophyte infection (E+, E−). All data analyses were performed with Statistica for Windows 5.0 (StatSoft Inc., Tulsa, OK, USA).
Results
Experiment I: Growth of Festuca rubra and Trifolium pratense in mixtures
Growth and nutrient content of Festuca rubra Growth of F. rubra, in terms of shoot and root dry matter was not significantly affected by competition with T. pratense ( Table 1) .
The endophyte infection status affected shoot biomass, root biomass and number of tillers depending on the plant line (Table 1) . Non-infected plants had significantly greater shoot biomass and number of tillers than infected plants in the RAB line, but there were no differences associated to the infection in the PEN line (Fig. 1) . Conversely, in PEN line non-infected plants had greater root biomass than E+, and in the RAB line differences between E+ and E− were not statistically significant (Fig. 1) . In PEN line the root:shoot ratio was greater in E− than in E+ plants, and the opposite occurred in the RAB line. Regardless of endophyte status, RAB plants had significantly greater shoot biomass, root biomass and number of tillers than PEN plants.
Nitrogen concentration in shoots of F. rubra was significantly affected by the interaction line × infection (three way ANOVA: F 07.63, P < 0.01): In RAB line, E+ plants had significantly greater N concentration than E−, however in PEN line differences between E+ and E− were not statistically significant (Fig. 2) . Nitrogen concentration in roots of F. rubra was not significantly (P>0.1) affected by any factor.
Endophyte infection increased phosphorus concentration of F. rubra in shoots (three way ANOVA: F0 223, P<0.001) and in roots (three way ANOVA: F0 18.4, P<0.001) (Fig. 2) . The P concentration also depended on line: RAB had greater content in shoots and roots than the PEN line (three way ANOVA: F0 8.07, P<0.01 in shoots; F0337, P<0.001 in roots). The ANOVA did not show any significant interaction between factors.
Growth and phosphorus content of Trifolium pratense
Growth of T. pratense was reduced when growing in mixture with F. rubra and this reduction was significantly influenced by the infection status of the companion grass (two way ANOVA: F06.59, P<0.05 in shoots, F05.01, P<0.05 in roots). Red clover produced more shoot and root dry matter when grown in mixture with E− than with E+ plants (Fig. 3) . Growth of T. pratense was not significantly (P>0.05) influenced by line of F. rubra.
Shoot samples of red clover were analysed for phosphorus content, but roots could not be analysed due to the insufficient amount of sample. The phosphorus concentration in red clover was not significantly (P>0.05) affected by competition with F. rubra, and no differences between clover growing with E+ and E− were found (Fig. 3) .
Competitive ability of Festuca rubra against Trifolium pratense
The aggressivity index (AGR) was used to measure the competitive ability of F. rubra relative to T. pratense. Considering total dry matter production (both shoot and roots) of each plant species, the indices of F. rubra against red clover for each endophyte status and fescue line were: E− PEN00.5603; E+ PEN00.7998; E− RAB00.1719; E+ RAB00.9140. All indices were greater than zero indicating greater competitive ability of F. rubra than red clover. Regardless of plant line, endophyte-infected plants had higher AGR than noninfected plants. There were no significant differences for any companion species (P>0.05) in the percentage of emergence between seeds sown in pots with E+ or E− plants. At the end of the experiment, the percentages of emergence averaged 70.0±4.8 % in T. pratense; 96.5± 1.8 % in T. repens; 51.5±4.8 % in T. subterraneum, 63.5±4.8 % in L. corniculatus, and 92.5±2.6 % in P. lanceolata.
Above and below ground biomass
Shoot and root dry matter weight of target species were significantly influenced by the endophyte status of the companion F. rubra but the effect of plant line was significant only for shoot of T. repens (Table 2) . When growing in mixture with E+ plants, the root biomass of the five target species was significantly smaller than when growing with E− plants (Fig. 4) . Shoot biomass of T. pratense, T. repens and P. lanceolata was less when growing with E+ plants than when growing withE− plants, however in T. subterraneum and L. corniculatus shoot biomass was not significantly affected by endophyte infection (Table 2 , Fig. 4 ). The target species more affected by the by the presence of F. rubra were T. pratense and T. repens.
Plant length
Roots of T. pratense, T. repens, T. subterraneum and P. lanceolata were significantly shorter when grown in mixture with E+ plants than with E− plants ( Table 2 , Fig. 4 ). The infection of F. rubra plants also had a significant negative effect on shoot length of T. repens and L. corniculatus (Fig. 4) . In T. repens the effect of endophyte infection was dependent on line (Table 2) , the differences between E+ and E− were statistically significant for PEN line but not for the RAB line.
Discussion
The extent to which a plant species adapts and dominates in the environment depends on a suite of traits associated with the rate of depletion of mineral nutrients and water in soils, release of phytotoxic compounds, seed production and rate of germination and growth (Grime 1979) .
Growth of Festuca rubra did not vary in response to competition with T. pratense. This was expected since there were large differences in plant biomass between F. rubra and T. pratense (Figs. 1 and 3) , associated to the different age of plants. Red fescue is a slow-growing perennial species and after 4 months of growth in the above mentioned conditions, plant biomass was low. That is why the experiment was designed to test the early-growth response of red clover using older red fescue plants. In nature, red fescue can propagate vegetatively by expansive growth of individual genets (Harberd 1961) . Therefore, circumstances where F. rubra plants compete with other plant species of younger age are likely to occur in botanically complex settings like dehesa grasslands.
In the PEN line the root:shoot ratio was greater in E− than in E+ plants, and the opposite occurred in the RAB line. In spite of the differences in growth characteristics of F. rubra associated to line and endophyte factors, in both lines the endophyte had an inhibitory effect on the growth of the companion species (T. pratense). The less shoot and root biomass production of T. pratense in mixture with endophyte-infected plants, as compared to the growth with E− (Fig. 3) , would suggest a greater biomass of E+ as compared to E− plants. However, in PEN line root biomass was greater in E− than in E+ plants, and no significant effect of endophyte on shoot biomass or tiller number was found; and in the RAB line, E− plants had greater shoot biomass and tiller number than E+ and no differences in root biomass between E+ and E− were detected (Fig. 1) . These results suggest that in both lines the endophyte-mediated inhibitory effect on T. pratense growth is not due to increased biomass production or tiller number of F. rubra. In terms of the aggressivity index of F. rubra relative to T. pratense, the values of E+ plants (PEN00.799; RAB00.914) were greater than those of E− plants (PEN00.560; RAB00.172) indicating higher competitive ability of E+ than E− plants. Moreover, in both plant lines, with different biomass allocation patterns, we found greater phosphorus concentration in E+ than in E− plants. However, the phosphorus content of T. pratense did not vary between plants in monoculture or growing with F. rubra (E+ or E−), suggesting that the inhibitory effect on T. pratense biomass production is not due to a depletion of nutrients due to competition with F. rubra. These results suggest that the reduction in growth of T. pratense when growing with endophyteinfected F. rubra could be due to a release of phytotoxic compounds, that is an allelopathic effect.
The greater competitive ability of endophyteinfected tall fescue plants growing in intra-specific competition with E− plants, under field conditions, has been related to a greater biomass production of E+ plants (Hill et al. 1991) , but this was not the result of the present work. Our results resemble those of Malinowski et al. (1999) who found that root growth of red clover was significantly depressed in competition with E+ tall fescue plants respectively to E− plants, and the enhanced competitive ability of E+ tall fescue plants was related to an allelopathic effect, perhaps the involvement of pyrrolizidine alkaloids produced by the infected plants. In a recent study with assays in Petri dishes we reported that, as compared to E− plants, root extracts of E+ F. rubra plants had a greater concentration of phenolic compounds, and caused a greater growth inhibition on several legume species, suggesting that the endophyte may increase the allelopathic potential of F. rubra (Vázquez-deAldana et al. 2011) . Phenolic compounds constitute a large group of allelochemicals, consisting of structures with different degrees of chemical complexity. Epichloë and Neotyphodium endophytes enhanced the concentration of phenolic compounds in roots of Italian ryegrass (Lolium multiflorum) (Ponce et al. 2009 ), tall fescue (Malinowski et al. 1998a ), F. rubra (Vázquez-de-Aldana et al. 2011 and Lolium perenne (Torres et al. 2012) .
Our study showed that in binary mixtures with F. rubra, the growth of all grassland species used in the experiment, T. pratense, T. repens, T. subterraneum, L. corniculatus and P. lanceolata, was negatively affected by the endophyte status of red fescue. Root biomass and root length of the species were more affected than shoot biomass. Furthermore, all target species had lower root biomass when growing with E+ plants, but only three species had lower shoot biomass. Since phytotoxic compounds are mainly released (n05) through the roots of the allelopathic plant species, it seems feasible that the parameter most affected is the root growth of the target species. The inhibitory effect on roots seems to be the most sensitive indicator of growth inhibition in allelopathic experiments (Bertin et al. 2003; San Emeterio, et al. 2004; Vázquez-deAldana et al. 2011) .
Besides allelopathic interactions, many chemicals released from the roots of plant species function to make nutrients available often through chelation and pH modifications (Inderjit et al. 2011) . Phenolic compounds and other root exudates can increase P availability in the soil by binding soluble Al, Fe, and Mn (Marschner 1995) . We found that, in both lines, in spite of differences in biomass allocation, the endophyte increased P concentration in shoots and roots of F. rubra plants. This increased P concentration was not due to the presence of mycorrhizal fungi in roots of F. rubra plants (data not shown). Similarly, in a field experiment with five lines of F. rubra, infected plants had greater P concentration in shoots than E− plants (Zabalgogeazcoa et al. 2006) . These results are in accordance with those of Malinowski et al. (1998b) who found a greater P concentration in endophyteinfected tall fescue at low soil P level, and reported that a possible mechanism for increased P uptake in endophyte-infected plants was an increased activity of root exudates, with phenolic compounds occurring in greater amounts in roots and shoots of E+ plants (Malinowski et al. 1998a) .
Several studies have indicated that endophyte infected plants experience a considerable competitive advantage over non-infected plants. However, in heterogeneous environments, circumstances may arise in which endophyte infection is deleterious to the plant and competition with the fungus for nutrients or photosynthate may reduce plant growth thereby reversing the advantage of endophyte infection (Cheplick et al. 1989; Ahlholm et al. 2002; Hesse et al. 2004) . In other circumstances, the plant endophyte associations appear neutral, and in several studies no differences in biomass production between E+ and E− plants were found (Hoveland et al. 1997; Malinowski et al. 1999; Vázquez-de-Aldana et al. 1999) . Considering only the data of biomass production, our study also would indicate that the endophyte may have a negative effect on plant growth (Fig. 1) . However, our results showed a deleterious effect of endophyte on the growth of several companion species, and a positive effect on P concentration in the plant, which can provide benefits in a situation where interspecific competition occurs and nutrient resources are limited. The inhibitory effect of the endophyte on growth of companion species was recorded in the five target species, which are frequent in grasslands, regardless the host plant line. It is important to point out that the inhibitory effect was not dependent on the Festuca rubra host plant line, given that endophyte effects on host plant performance are often determined by host plant genotype (Malinowski et al. 1999; Hesse et al. 2004; Wäli et al. 2009; Gundel et al. 2011 ). These results suggest that the inhibition was not a selective effect of a particular plant-fungus combination recorded on a single competing species, and therefore may have a significant impact at the population level. In a previous 3-year field study with five F. rubra lines, no differences in aboveground biomass production, in vegetative or reproductive stages, were observed among E+ and E− plants (Zabalgogeazcoa et al. 2006 ). The F. rubra plants used in that previous work and in the present study were obtained from natural populations having a mean infection rate of 70 % . The fact that we have found an inhibitory effect of E+ plants on companion species might help to explain the forces maintaining the high prevalence of Epichloë festucae in F. rubra populations. Festuca rubra is a common species in the botanically complex grasslands of western Spain, where interspecific competition among pasture species is evident. Festuca rubra plants can vegetatively expand forming large and old genets, and also can produce seeds (Harberd 1961) . Plants infected by Epichloë contain fungal hyphae in their vegetative aerial organs, and in the seeds they produce, therefore, an allelopathic competitive advantage for vegetative growth would increase the fitness of plant and fungus in a situation of competition with other species.
We have shown that there is a relevant effect of the endophyte infection in F.rubra when grown together with other grassland species such as T. repens, T. pratense, T. subterraneum, L. corniculatus and P. lanceolata. Festuca rubra infected plants showed a better competitive ability than non-infected plants as indicated by the lower relative yield of companion plant species when growing in mixture with E+ plants. This effect was independent of the host plant line. Our results suggest that a chemically mediated plant-plant interference, or allelopathy, could be the mechanism by which endophyte-infected F. rubra may gain an advantage in competition with T. pratense and other grassland species (over non-infected).
